The tunneling of electrons from a semiconductor surface to a metal tip, across a vacuum gap, is influenced by two image interactions: an attractive image potential in the vacuum region, which lowers the apparent tunneling barrier, and a repulsive image potential in the semiconductor interior, which raises it for conduction-band electrons. We report on detailed calculations of tunneling currents and apparent barrier heights for a model metal-vacuum-semiconductor junction which utilize semiclassical dielectric functions to compute the image potential in all three regions. 
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where A =1.025 eV '~A '. The utility of (2) stems both from the fact that it is an experimentally accessible Electron tunneling through a junction is often treated by considering independent electrons moving in an effective potential. The simplest model potential for a metal-vacuum-metal (MVM) junction is the rectangular barrier, but it is well known that image forces modify this potential significantly.
Calculations based on classical electrostatics, for example, reveal that the image interaction reduces the effective vacuum barrier by lowering its maximum height and slightly narrowing its width. ' More realistic quantum-mechanical calculations employing the density-functional formalism indicate that the lowest-order correction to this classical picture is simply a displacement of the effective image plane by several tenths of an angstrom, along with a smooth matching of the vacuum potential outside the surface to the minimum of the conduction band in the metal interior. ' The resulting vacuum barrier height then depends on the gap spacing s, and is well approximated by 4(s) The scanning tunneling microscope (STM), with which one can precisely adjust s, and hence continuously vary the vacuum barrier, is a potentially valuable tool for investigating this effect. By modulating the distance between tip and sample at a frequency outside the microscope's feedback bandwidth, and detecting a synchronous ac tunnel current, one can extract an apparent barrier height defined by V, (z)= g (f3P')" ns -z (n +1)s -z for an extra point charge q located at z (0, with z =0 the position of the semiconductor-vacuum interface, and quantity, and that in a Wentzel-Kramers-Brillouin (WKB) approximation for the rectangular barrier it yields the correct barrier height. Early experiments on metals, however, revealed no discernible reduction in @b y image forces at separations of more than a few angstroms. This insensitivity is due not to the absence of image effects, but, rather, to the particular form of the potential in (1), for which a WKB analysis shows that the first-order term in To do so, we first review briefly the phenomenology of apparent barrier heights in tunneling experiments at unpinned semiconductor surfaces. At zero applied bias there will, in general, be a space charge induced in the semiconductor by the difference between tip and sample work functions, hC&=N -(y+P"), as shown in Fig. 1(a) for n-type material in depletion. This space charge may be eliminated only by applying an appropriate bias voltage, VFz = -AN, to recover the Aat-band condition illustrated in Fig. 1(b) . Tip-induced band bending of the kind indicated in Fig. 1(a) Nd=5X10' cm, is illustrated in Fig. 2(b 
III. RESULTS
The tunneling current density as a function of gap spacing calculated on the basis of Eq. (25), using the oneelectron effective potential of Fig. 2(b) , is presented in Fig. 3 for a representative bias voltage which produces substantial majority carrier depletion in the near surface region of the semiconductor. For comparison, the results obtained using the potential of Fig. 1(a) , neglecting image effects, are also shown. At each of the doping levels con-10-' 
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